1. Introduction {#sec1}
===============

Dental caries is among the most prevalent chronic human infectious diseases affecting children and adults worldwide \[[@B1], [@B2]\]. One of the mechanisms that allow the control of caries is the decrease of dental biofilms, which is a complex hole of microorganisms and metabolic products fixed in a polymeric matrix adhered to the tooth surface. In this whole, cariogenic bacteria produce acids responsible for the decrease of pH, starting the process of demineralization \[[@B3]\].

Many products are being developed for caries control. The first was fluoride with remineralizing action, followed by chlorhexidine with antimicrobial activity, among others. The vehicle for these substances varies according to its clinical applications and can be found as rinses, gels, or varnishes used as nonsurgical methods for treating and preventing dental caries \[[@B4], [@B5]\].

Varnishes are preparations that differ in the polymeric matrix, pharmaceutical additives, and therapeutical agents, generally fluoride and chlorhexidine \[[@B6]\]. This ability to form a film takes place through a polymer, and among the most widely used are the ethyl cellulose and a mixture of copolymer and vinyl acetate-acrylate copolymers.

Recently, natural products are attracting the attention of several studies, mainly due to the increase in bacterial resistance and side effects of the antibiotics most commonly used \[[@B7]--[@B9]\]. Moreover, propolis has low toxicity and has several biological activities that strengthens its employment in healthcare. \[[@B10]\]. Several studies have demonstrated the antimicrobial activity of propolis extracts against cariogenic microorganisms \[[@B10], [@B11]\].

Chitosan is a derivative of chitin, a natural compound that can be found in arthropod exoskeletons, shells of crustaceans, and insect cuticles. Industrially, it is obtained by alkaline hydrolysis of chitin \[[@B12]\]. Chitosan is a biocompatible and biodegradable polymer. Its positive charge combines to the cell wall of bacteria, promoting a bactericidal and bacteriostatic property to this material \[[@B13]\]. These properties, coupled with the ability to form a film and adhere to the tooth, make chitosan an ideal base for sustained drug release \[[@B14]\]. Thus, the objectives of this study were to develop a dental varnish containing Brazilian green propolis ethanolic extract at three different concentrations and to verify the antimicrobial properties compared with chlorhexidine, cytotoxicity, and sustained-release profile of this new product.

2. Material and Methods {#sec2}
=======================

2.1. Propolis Sample and Propolis Extract Preparation {#sec2.1}
-----------------------------------------------------

Propolis samples produced by honeybees (*Apis mellifera*) were collected during the spring and obtained in a beekeeping in Caeté, Minas Gerais, Brazil. Brazilian green propolis extract (EPE) was prepared according to Wojtyczka et al. \[[@B15]\]. Propolis was subjected to 14 days of extraction in order to obtain its ethanolic extract, which was later dissolved in 70% ethanol to obtain a 100 mg/mL working concentration. Briefly, the samples were ground mechanically and bottled in 10 g portions. The 10 g portions were put into flask and 100 g of 70% ethanol (w/v) was added. The flask was placed on a rotary shaker in a dark, closed room for two weeks at room temperature. After this period, the extract was cooled at 4°C for 24 h in order to precipitate all insoluble particles, which were removed from the propolis extract by filtration through filter paper (Whatman number 4). Next, the obtained filtrate evaporated to dryness at 40°C using a rotary vacuum evaporator. In order to prepare a working concentration, the brown colored viscous substance was dissolved in 70% ethanol. The propolis used has the main markers that give great quality to it \[[@B16], [@B17]\].

2.2. Propolis-Chitosan Varnish Preparation {#sec2.2}
------------------------------------------

Propolis varnishes were prepared by the addition of acetic acid to the EPE with or without dilution in ethanol. After mixing, chitosan (Sigma-Aldrich, St. Louis, USA) was added and Milli-Q (Millipore, Billerica, USA) water was used to complete the formulation volume. Propolis ethanolic extract was added and the compositions were mixed overnight to obtain the 5% (PV1), 10% (PV2), and 15% (PV3) propolis-chitosan formulations ([Table 1](#tab1){ref-type="table"}). For being an innovative dental material, the request of the patent was registered at the National Institute of Industrial Property (INPI) under number 014100004357.

2.3. Antimicrobial Assay {#sec2.3}
------------------------

Bacterial sensitivity or resistance to varnishes was detected by the disk diffusion assay, also known as the Kirby-Bauer method \[[@B18]\]. Aliquots of*Streptococcus mutans*(ATCC 70069),*Streptococcus sanguinis*(ATCC 10557),*Streptococcus salivarius* (INCQS-Oswaldo Cruz Foundation, Rio de Janeiro, Brazil/00457), and*Lactobacillus casei* (LC) (ATCC 393) containing 1.0 × 10^8^ CFU/mL were subcultured in agar Mueller-Hinton (Difco, Trenton, USA), supplemented with 5% of dextrose for*Streptococcus* spp.*L. casei* were subcultured and placed in Rogosa medium. Sterile filter papers soaked with 20 *μ*L of each propolis varnish were placed onto the agar. The controls were blank varnish/chitosan (CHV), PV1, PV2, PV3, and chlorhexidine varnish (VCX) (Fórmula e Ação, São Paulo, Brazil). The diameter of inhibition zone around the filter paper formed after 24 and 48 hours at 37°C in an atmosphere of 5% CO~2~ was measured in mm and recorded (M ± SD). Any inhibition zone around the filter paper measuring ≤7 mm was considered a negative result.

Minimal inhibitory concentration (MIC) test was carried out using tissue culture microplates (96 wells) containing 100 *μ*L/well BHI. For being highly viscous, the propolis varnish was diluted in an ethanol/water solution at 20% in a proportion of 1 : 1 (75 mg/mL). After being transferred to the first well, serial dilutions were performed to obtain concentrations ranging from 75 to 0,1 mg/mL. Chlorhexidine at 0.12% (Sigma-Aldrich, St. Louis, MO, USA) was used as positive control and BHI as negative control. The bacterial inoculum (1 × 10^6^ CFU/mL) was added to all wells, and the plates were incubated at 37°C in 5% CO~2~ for 24 hours. MIC was defined as the lowest concentration of the propolis varnish that inhibited microorganism visible growth indicated by resazurin 0.01% (Sigma-Aldrich, St. Louis, MO, USA). To determine minimal bactericidal concentration (MBC), an aliquot of each incubated well with concentrations higher than MIC was subcultured on BHI medium. MBC was defined as the lowest concentration of the propolis varnish that allowed no visible growth on the test medium \[[@B19]\].

2.4. Osteoblast-Like Cell Culture {#sec2.4}
---------------------------------

Osteoblasts cells were donated from the Laboratory of Biomaterials and Molecular Entrapment (LEMB), Chemical Department, UFMG. This experiment was approved by the Ethics Committee on Animal Use of Federal University of Minas Gerais (CEUA number 167/2007). Osteoblasts were isolated by collagenase digestion of 20-day fetal rat calvariae \[[@B20]\]. Calvariae were dissected aseptically, and the frontal and parietal bones were stripped of their periosteum. Only the central portions of the bones, free from suture tissue, were collected. The calvariae were treated twice with phosphate-buffered saline (PBS) containing 4 mM EDTA (pH 7.4) for 15 min at 37°C in a shaking water bath. After being washed once in PBS, the calvariae were treated twice with 3 mL of 1 mg/mL collagenase for 7 min at 37°C. After the supernatants from these two digestions were discarded, the calvariae were treated two more times with 3 mL of 2 mg/mL collagenase (30 min, 37°C). The supernatants of the latter two digestions were pooled and centrifuged, and the cells were washed in Dulbecco\'s modified Eagle\'s medium (DMEM) with 10% fetal calf serum (FCS), suspended in further DMEM-10% FCS, and placed in 75 cm^2^ flasks. After 48 h, the media were changed to minimal essential medium (MEM) with 10% FCS. Confluence was reached within 5-6 days, at which time the cells were subcultured. After trypsinization with trypsin-EDTA (0.05%/0.53 mM), the cells were rinsed in MEM with 5% FCS, resuspended in fresh medium, and then seeded at 5 × 10^4^ cells/mL in 24-well plates (0.5 mL cell suspension/well, i.e., 2.5 × 10^4^ cells/well). The cells were incubated under 5% CO~2~-95% air at 37°C.

2.5. Cytotoxicity Assay {#sec2.5}
-----------------------

The cytotoxicity assay with osteoblasts was carried out according to ISO 10993-5 for cytotoxicity tests*in vitro*, using MTT colorimetric assay. The cells were cultured at 37°C in a humidified atmosphere of 95% air and 5% CO~2~ in DMEM (Cultilab, Campinas, Brazil) supplemented with 10% fetal bovine serum containing penicillin (10 IU mL^−1^) and streptomycin (10 mg mL^−1^). Thereafter, in each well 150 × 10^3^ cells were plated. Six wells were prepared for each varnish formulation and three for the control groups. The controls were lauryl sodium sulfate (LSS) (Sigma-Aldrich, St. Louis, USA) diluted in Milli-Q water in concentrations of 0.10%, 0.075%, 0.05%, and 0.025% and plates containing just cells. Plates were incubated at 37°C in 5% CO~2~ and 95% humidity conditions. The colorimetric assay was carried out after 24 hours and submitted to absorbance reading at 570 nm in spectrophotometer (Thermo Scientific Multiskan Spectrum; Thermo Fisher Scientific Inc., Boston, USA).

2.6. Sustained-Release Test {#sec2.6}
---------------------------

Bovine teeth were obtained from carcasses of animals that would be incinerated. The animals were sacrificed at specific slaughterhouse approved by the city of Belo Horizonte to market beef. The teeth were donated by the slaughterhouse before carcasses incineration. For the sustained-release test, ten incisors crowns of bovine teeth obtained*post-mortem* were cut into four pieces with diamond bur (KG Sorensen, São Paulo, Brazil). Each varnish formulation was applied to the buccal surface of each fragment, using five of them for each varnish and one fragment for CHV in each group. After applying and drying 40 *μ*L of the varnish, each fragment was placed into a tube with 1 mL of 20% ethanol/water solution and incubated in a shaker (KS4000 icontrol, IKA, Staufen, Germany) at 37°C and 30 rpm and after 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 24, 72, 168.0, 336.0, 504.0, 672.0, 840.0, 1008.0, 1176.0, 1344.0, 1512.0, and 1680.0 hours, the solution was removed; a new one was added. Each sample of the solution (240 *μ*L) was placed in plates with 96 wells, adding 10 *μ*L of aluminum chloride solution \[[@B21]\]. The reading was carried out in spectrophotometer plate reader in an absorbance of 425 nm. BPE was used as positive control.

2.7. Statistical Analysis {#sec2.7}
-------------------------

To determine whether the difference of the measures of inhibition zones was significant, data were statistically analyzed through Kruskall-Wallis nonparametric test, performed using SPSS for Windows v.17 (IBM Inc., Chicago, USA). In the cytotoxicity assay, absorbance results were converted into cell viability percentages and statistically compared by one-way ANOVA and Bonferroni test ([Figure 1](#fig1){ref-type="fig"}), using Graphpad Prism 5 (GraphPad Software Inc., San Diego, USA). *P* values lower than 0.05 were considered significant. The sustained-release profiles were compared using the difference factor and the similarity factor, according to the "independent model approach" \[[@B22]\]. Triplicates from at least three separated experiments were conducted in each assay.

3. Results {#sec3}
==========

3.1. Antimicrobial Assay {#sec3.1}
------------------------

All varnishes containing EPE inhibited*S. mutans*,*S. sanguinis*,*S. salivarius*, and*L. casei*. [Table 3](#tab3){ref-type="table"} shows results of mean and standard deviation (M ± SD) for all tested formulations. No significant difference between the inhibition zones of the three tested concentrations of propolis (PV1, PV2, and PV3) and pure propolis extract (EPE) was observed. This demonstrates that propolis maintains its antimicrobial properties even when incorporated into the coating of chitosan. In contrast, chlorhexidine (CHX) showed significantly smaller areas than those observed in PV1, PV2, PV3, and EPE inhibition.*L. casei* appears to be more resistant to chlorhexidine than other microorganisms. The base coating of chitosan (CHV) showed significantly smaller inhibition areas for all microorganisms when compared with CHX and varnishes containing propolis.

MIC and MBC values for all products tested are shown in [Table 3](#tab3){ref-type="table"}. MIC and MBC values ranged from 0,6 to 1,2 mg/mL for propolis varnish and 0,4 to 0,8 mg/mL for chlorhexidine ([Table 3](#tab3){ref-type="table"}).

3.2. Cytotoxicity Test {#sec3.2}
----------------------

[Figure 1](#fig1){ref-type="fig"} shows the results of the cytotoxicity assay concentrations of propolis incorporated chitosan (VA = PV3 = 15%/VB = PV2 = 10%/VC = PV1 = 5%) compared with the chitosan varnish (BV = CHV = 15%) and sodium lauryl sulfate (SLS) at four different concentrations. Cell viability was greater in tests with CHV (≥100% of cells). Cell viability was similar for the three different concentrations of propolis (≥80%). Cytotoxicity was observed for all concentrations of SLS, which showed cell viability below 60%. This demonstrates that the varnish containing propolis and chitosan is not cytotoxic at the tested concentrations. These results confer low cytotoxicity, according to ISO 10993-5 standards.

3.3. Sustained-Release Test {#sec3.3}
---------------------------

The extended-release profile considered the release of total flavonoids as quercetin. It was very heterogeneous as the varnishes were more viscous or more fluid depending on the concentration of propolis. Almost 100% of total quercetin from EPE was released in 24 hours. Varnish PV3 (15%) designed a release curve of 20% during the first 8 hours, thereafter stopping and restarting after 24 hours, becoming steady for 8 weeks ([Figure 2](#fig2){ref-type="fig"}). In the first two hours of the experiment, there was no release of PV2 (10%), starting just before this period and paralyzing after 7 hours. This inactivity lasted 72 hours and after this time the release started again. In this varnish only 30% of total quercetin was released in three weeks. The release of quercetin in PV1 (5%) started after 8 hours and only 10% of total flavonoids as quercetin were released within 24 hours.

4. Discussion {#sec4}
=============

Propolis has been studied due to various biological activities highlighting its antimicrobial activity \[[@B11], [@B23], [@B24]\]. The results of antimicrobial susceptibility testing on*S. mutans* and*S. sanguinis* showed that propolis, even when associated with the varnish, is released in a satisfactory way, keeping its antimicrobial property, which makes the use of the drug feasible for this purpose ([Table 2](#tab2){ref-type="table"}) \[[@B25]\]. All formulations inhibited the growth of all bacteria tested to a greater or lesser extent. This difference in size of inhibition zones between the formulations may be due to the concentration of EPE. This may be related to the molecular profile of propolis that has a variety of chemical compounds with different physicochemical characteristics, especially when comparing the inhibition observed for chlorhexidine, which has a characteristic solubility and molecular pattern that allows a better diffusion in agar.

Our results corroborate other studies of antimicrobial susceptibility of the ethanol extract of green propolis with*S. mutans*,*S. sanguinis*,*S. salivarius*, and*L. casei in vitro*, showing high activity of this product \[[@B10], [@B11], [@B26]\].

Chitosan varnish (CHV) showed low antimicrobial activity when compared with the other products. However, synergism between propolis and chitosan is possible to occur. The antimicrobial activity of chitosan was reported by several studies \[[@B27], [@B28]\] and this lack of activity may be due to the medium molecular weight of chitosan used in the varnishes, which is not soluble in water, unlike the low molecular weight of chitosan used in other studies.

Chitosan is a nontoxic, biocompatible, and chemically versatile polysaccharide. These properties enable this material to be used in drug delivery systems and tissue engineering, a promising tool in health care \[[@B29]\]. Its toxicity depends on the degree of deacetylation of chitin and its molecular weight. Nevertheless, most derivatives of chitosan have low toxicity \[[@B29]\], what might be seen in the cytotoxicity assay performed with osteoblasts in this study. BV, besides having not shown toxicity, allowed cell proliferation, increasing the amount in 20%.

Other studies showed that propolis ethanolic extract is cytotoxic on pulp fibroblasts \[[@B30]\] and cancer cells \[[@B31]\]. In the concentrations tested in this study, the cytotoxicity of the varnish containing propolis was considered low.

In the slow-release test, the components of propolis varnish were not soluble in artificial saliva, and as we could not quantify total flavonoids in this medium, we used an ethanol/water solution. As it does not simulate the oral environment, this test was just an indicative of the release.

The release of PV3 (15%), which has higher amount of EPE, remained stable in the early hours of the experiment, allowing a more constant release, which would ensure an effective and prolonged antimicrobial activity when applied clinically, relevant characteristics for the control of cariogenic biofilm.

For not having released quercetin in the first two hours of the experiment and not keeping regularity, CHV might allow the proliferation of microorganisms during the period of inactivity, although it presented satisfactory results in the antimicrobial susceptibility testing. For these reasons, their release profile might not represent an antimicrobial activity as effective in clinical practice.

PV1 (5%) released no quercetin during the first 8 hours of testing, what could allow bacterial growth in this period. Furthermore, the release of only 10% of quercetin in the oral environment and in just 24 hours limit the indication for the purpose it was developed. The similarity in the release profiles of formulations was compared by the "independent model approach." In general, values lower than 15% (0--15%) and *F* ~2~ values higher than 50% (50--100%) show the similarity of the sustained-release profiles \[[@B21]\]. None of the pair of formulations showed *F* ~1~ lower than 15% or *F* ~2~ higher than 50%, suggesting that all the release profiles are different from each other.

An*in vitro* study evaluated the release of chitosan containing dexamethasone and concluded this polymer allowed the slow-release of the drug tested \[[@B32]\]. Almost 90% was released within the first eight hours of experiment, result not obtained with any other varnish tested. The different characteristics of therapeutic agents used justify these differences.

Varnish formulations must release propolis right after being applied, remaining for about 24 hours onto the tooth surface, sustaining the release of the active principle on a regular and continuous basis, to achieve antimicrobial activity. However,*in vitro* tests may not reflect the*in vivo* responses, considering the environmental factors of the oral cavity and the genetic and social characteristics of each individual. Also, the product proved to be innocuous when tested in osteoblasts.

The concentration of 15% (PV3) has presented the largest inhibition zones and releases of higher profile, deserving further studies to prove its effectiveness.

5. Conclusions {#sec5}
==============

Varnish preparations developed in this study showed satisfactory antimicrobial activity against*Streptococcus mutans*,*Streptococcus sanguinis*,*Streptococcus salivarius*, and*Lactobacillus casei* and demonstrated low cytotoxicity on osteoblasts (\<50%). Varnish PV3 had the best results, deserving further studies to confirm its possible clinical efficacy.
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###### 

Components of the varnish formulations PV1 (5%), PV2 (10%), and PV3 (15%).

  Components             Product amount             
  ---------------------- ---------------- --------- ---------
  EPE                    20.0 mL          40.0 mL   60.0 mL
  Ethanol P.A.           40.0 mL          20.0 mL   No
  Acetic acid            9.0 mL           9.0 mL    9.0 mL
  Chitosan               1.0 g            1.0 g     1.0 g
  Milli-Q water q.s.p.   100 mL           100 mL    100 mL

EPE (propolis ethanolic extract); PV (propolis varnish).

###### 

Susceptibility test of propolis-based chitosan varnish against cariogenic bacteria; inhibition zones; mean and standard deviation (M ± SD) of three experiments.

  Microorganisms                  Inhibition zones (M ± SD) = mm                                                                   
  ------------------------------- -------------------------------- --------------- --------------- --------------- --------------- ---------------
  *S. mutans* (ATCC 25175)        20.3 ± 0.51                      20.2 ± 0.88     21.0 ± 0.00     10.4 ± 0.22\*   22.6 ± 0.66\*   19.0 ± 0.00
  *S. sanguinis* (ATCC 10557)     21.5 ± 0.25\*                    21.5 ± 0.25\*   22.3 ± 1.18\*   10.5 ± 0.25\*   21.3 ± 0.31\*   19.0 ± 0.00
  *S. salivarius* (INCQS 00457)   20.5 ± 0.33                      20.5 ± 0.33     21.5 ± 0.50\*   8.30 ± 0.33\*   20.5 ± 0.55\*   18.5 ± 0.55
  *L. casei* (ATCC 393)           19.3 ± 0.25\*                    19.3 ± 0.25\*   21.3 ± 0.71\*   9.50 ± 0.55\*   16.0 ± 0.00     17.3 ± 0.33\*

PV: propolis-based chitosan varnish; CHV: chitosan varnish; EPE: propolis ethanolic extract; CHX: chlorhexidine 0.12%; INCQS: Instituto Nacional de Controle de Qualidade (National Institute of Quality Control, FIOCRUZ, Rio de Janeiro, Brazil).

\*Are related to the statistical difference between the results (*P* \< 0.05).

###### 

MIC and MBC values from propolis varnish and positive control.

  Product                   MIC (mg/mL)   MBC (mg/mL)
  ------------------------- ------------- -------------
  Varnish 1 : 1             0.6--1.2      0.6--1.2
  Clorhexidine (+control)   0.4--0.8      3.91--7.81
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